INTRODUCTION {#s1}
============

The incidence of renal cell carcinoma (RCC) has increased owing to the aging of population and the advance in imaging technologies \[[@R1], [@R2]\]. Despite of the progress in the treatment for RCC, nephrectomy is a main-stay as the major treatment option \[[@R3]\], and substantial population (20-30%) of patients who have undergone curative resection of RCC subsequently relapses and deceased \[[@R4]\]. Thus, accurate risk stratification at diagnosis is essential to ensure the best treatment strategy for the patients with RCC.

In the last decade, there have been a number of prognostic factors proposed in the treatment for RCC including biomarkers of inflammation. Increasing evidence supports the involvement of systemic nutritional status and inflammation in cancer progression. Systemic inflammatory response and nutritional decline are closely linked and these conditions have been increasingly recognized as predictive markers. We previously reported that lower body mass index (BMI) and increasing modified Glasgow prognostic score (mGPS), one of the inflammation-based prognostic scores, were associated with poor prognosis \[[@R5], [@R6]\]. In the last few years, the other inflammation-based prognostic scores, including the neutrophil lymphocyte ratio (NLR), derived neutrophil-to-lymphocyte ratio (dNLR), and platelet lymphocyte ratio (PLR) have been also reported to render prognostic value in many cancers, including RCC \[[@R7]--[@R11]\]. In addition, recent studies have demonstrated the combination of platelet count and NLR (COP-NLR) is an independent prognostic factor in colorectal cancer, esophageal squamous cell carcinoma, gastric cancer, hypopharyngeal squamous cell carcinoma and non-small cell lung cancer \[[@R12]--[@R16]\]. In the present study, we examined the predictive value of preoperative measurement of COP-NLR for localized RCC patients who underwent curative nephrectomy.

RESULTS {#s2}
=======

Cut-off value of the parameters {#s2_1}
-------------------------------

Based on the AUC for survival in the ROC analysis (Figure [1](#F1){ref-type="fig"}), the Youden index, which maximizes the vertical distance from the reference line, were applied to determine the optimal cut-off values of 3.85 for NLR and 310 × 10^9^ (/l) for platelet count. The COP-NLR in the study was subsequently defined as follows; patients with both elevated platelet count level (\> 310 × 10^9^/l) and NLR (\> 3.85) were assigned to COP-NLR 2; patients with one of those indicators were assigned to COP-NLR 1; and patients with neither of those were assigned to COP-NLR 0.

![The ROC curves of inflammation-based prognostic scores including the COP-NLR, the NLR, platelet count and the mGPS\
The Youden-index was applied to determine the optimal cut-off value.](oncotarget-08-110311-g001){#F1}

Characteristics in all 268 patients {#s2_2}
-----------------------------------

Clinicopathological characteristics in all 268 patients with 60 months of the median follow-up time from surgery are shown in Table [1](#T1){ref-type="table"}. A total of 50 (18.6%) patients were died with a median OS of 50 months. Kaplan-Meier estimates showed 87.3% and 92.6% of five-year OS and CSS rates in 268 patients, respectively. There were 198, 63, and 7 patients assigned to the COP-NLR of 0, 1, and 2, respectively. The distribution of characteristics was significantly varied in T classification, tumor size, nuclear grade, tumor necrosis, C-reactive protein, UISS and SSIGN according to COP-NLR. Two and five years OS rates were 98.5 and 93.8% in COP-NLR 0, 82.0 and 72.2% in COP-NLR 1 and 57.1 and 0% in COP-NLR 2, demonstrating a significant difference in their prognosis among the COP-NLR. Kaplan-Meier estimates demonstrated that the higher COP-NLR was significantly associated with shorter OS (log-rank test: p\<0.001) (Figure [2a](#F2){ref-type="fig"}), CSS (2 yrs CSS rate of 99.0% in COP-NLR 0, 89.7% in COP-NLR 1, and 57.1% in COP-NLR 2, log-rank test: p\<0.001) (Figure [2b](#F2){ref-type="fig"}). During follow up, a total of 59 patients relapsed after surgery with median time to recurrence of 25 months. Five years RFS rate in all 268 patients was 80.2%. Kaplan-Meier estimates demonstrated that the increasing COP-NLR was also well-correlated with shorter RFS (2 yrs RFS rate of 94.9% in COP-NLR 0, 81.6% in COP-NLR 1, and 0% in COP-NLR 2, log-rank test: p\<0.001) (Figure [2c](#F2){ref-type="fig"}).

###### Baseline characteristics of patients with localized RCC (n=268) according to the COP-NLR

  Characteristics                                       Patients(n=268)   COP-NLR     p value                 
  ----------------------------------------------------- ----------------- ----------- ----------- ----------- -------------
  Age (mean±SD)                                         64.0±11.3         63.8±11.5   64.6±11.3   64.4±6.9    0.871
  Age (≤65/\>65 years)                                  126/142           94/104      29/34       4/3         0.956
  Sex (male/female)                                     186/82            141/57      40/23       5/2         0.515
  BMI (≤22/\>22)                                        146/122           115/83      23/36       4/3         0.107
  ECOG-PS (0/≥1)                                        222/46            166/32      51/12       5/2         0.653
  T classification (I-II/III-IV)                        236/32            181/17      50/13       5/2         0.023^\*^
  Histology type (clear/papillary/chromophobe/others)   241/12/9/6        177/9/8/4   57/3/1/2    7/0/0/0     0.838
  Tumor size (cm) (mean±SD)                             4.1±2.4           3.9±2.3     4.7±2.5     6.5±2.3     0.002^\*^
  Tumor size (≤4/\>4 cm)                                153/115           123/75      29/34       1/6         0.005^\*^
  Nuclear grade (1-2/3-4)                               230/38            177/21      49/14       4/3         0.014^\*^
  Tumor Necrosis (absent/present)                       238/30            182/16      51/12       5/2         0.030^\*^
  C-reactive protein (mg/l) (mean±SD)                   7.5±25.9          2.3±5.7     15.9±35.0   78.2±93.0   \<0.001^\*^
  C-reactive protein (≤2.0/\>2.0 mg/l)                  193/75            158/40      35/28       0/7         \<0.001^\*^
  UISS (Low/intermediate-high)                          164/104           130/68      31/32       3/4         0.042^\*^
  SSIGN (0-2/≥3)                                        222/46            171/27      48/15       3/4         0.010^\*^
  5 year overall survival rate (%)                      87.3              93.8        72.2        0           \-

COP-NLR: the combination of platelet count and neutrophil lymphocyte ratio, SD: standard deviation, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, UISS: UCLA integrated staging system, SSIGN: Stage Size Grade Necrosis, ^\*^p\<0.05.

![Kaplan-Meier curves of **(a)** overall survival, **(b)** cancer-specific survival, and **(c)** recurrence-free survival according to the COP-NLR (0, 1 and 2) in all 268 patients.](oncotarget-08-110311-g002){#F2}

Cox regression analysis for OS and RFS {#s2_3}
--------------------------------------

To assess the predictive value for OS, univariate and multivariate analysis were performed (Table [2](#T2){ref-type="table"}). Univariate analysis identified several variables significantly associated with OS including BMI (HR: 1.87, 95%CI: 1.06-3.35, p=0.030), ECOG-PS (HR: 2.69, 95%CI: 3.35-14.34, p=0.003), T classification (HR: 6.16, 95%CI: 3.40-10.94, p\<0.001), tumor size (HR:3.31, 95%CI: 1.79-6.50, p\<0.001), nuclear grade (HR: 3.72, 95%CI: 1.97-6.73, p\<0.001), tumor necrosis (HR: 4.12, 95%CI: 2.22-7.41, p\<0.001), CRP (HR: 4.00, 95%CI: 2.26-7.10, p\<0.001), the UISS (HR: 4.39, 95%CI: 2.39-8.61, p\<0.001), the SSIGN (HR: 4.28, 95%CI: 2.42-7.56, p\<0.001) and the COP-NLR (HR: 4.59, 95%CI: 2.59-8.14, p\<0.001). On multivariate analysis adjusting for those variables exhibited significant associations in univariate analysis, four variables including T classification (HR: 3.56, 95%CI: 1.46-8.71, p=0.005), tumor necrosis (HR: 2.93, 95%CI: 1.21-7.25, p=0.017), CRP (HR: 2.63, 95%CI: 1.30-5.27, p=0.008) and the COP-NLR (HR: 2.32, 95%CI: 1.22-4.36, p=0.011) still remained as significant predictors for OS.

###### Univariate and multivariate analysis for OS in patients who had no metastasis at the time of nephrectomy (n=268)

  Characteristics                          OS                                                   
  ---------------------------------------- ------------------- ------------- ------------------ -----------
  Age (≤65/\>65 years)                     1.43 (0.79-2.58)    0.232                            
  BMI (≤22/\>22)                           1.87 (1.06-3.35)    0.030^\*^     1.71 (0.90-3.28)   0.099
  Sex (male/female)                        0.91 (0.46-1.69)    0.773         \-                 \-
  ECOG-PS (0/≥1)                           2.69 (1.43-4.85)    0.003^\*^     1.44 (0.65-3.13)   0.366
  T classification (I-II/III-IV)           6.16 (3.40-10.94)   \<0.001^\*^   3.56 (1.46-8.71)   0.005^\*^
  Histology type (clear/others)            0.87 (2.62-2.16)    0.792                            
  Tumor size (cm) (≤4.0/\>4.0)             3.31 (1.79-6.50)    \<0.001^\*^   1.63 (0.73-3.69)   0.230
  Nuclear grade (1-2/3-4)                  3.72 (1.97-6.73)    \<0.001^\*^   1.02 (0.44-2.29)   0.971
  Tumor Necrosis (absent/present)          4.12 (2.22-7.41)    \<0.001^\*^   2.93 (1.21-7.25)   0.017^\*^
  C-reactive protein (mg/l) (≤2.0/\>2.0)   4.00 (2.26-7.10)    \<0.001^\*^   2.63 (1.30-5.27)   0.008^\*^
  UISS (Low/intermediate-high)             4.39 (2.39-8.61)    \<0.001^\*^   1.61 (0.66-3.93)   0.293
  SSIGN (0-2/≥3)                           4.28 (2.42-7.56)    \<0.001^\*^   0.40 (0.13-1.27)   0.123
  COP-NLR (0/1-2)                          4.59 (2.59-8.14)    \<0.001^\*^   2.32 (1.22-4.36)   0.011^\*^

OS: overall survival, HR: hazard ratio, CI: confidence interval, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, UISS: UCLA integrated staging system, SSIGN: Stage Size Grade Necrosis, COP-NLR: the combination of platelet count and neutrophil lymphocyte ratio, ^\*^p\<0.05.

Since the present study was originally designated to the patients who had no metastasis at the time of surgery, we then assessed the predictive value for RFS (Table [3](#T3){ref-type="table"}). Univariate analysis identified several variables significantly associated with RFS including T classification (HR: 7.22, 95%CI: 4.00-12.72, p\<0.001), tumor size (HR:4.00, 95%CI: 2.23-7.64, p\<0.001), nuclear grade (HR: 4.25, 95%CI: 2.35-7.44, p\<0.001), tumor necrosis (HR: 2.79, 95%CI: 1.42-5.11, p=0.004), CRP (HR: 4.32, 95%CI: 2.50-7.55, p\<0.001), the UISS (HR: 3.17, 95%CI: 1.83-5.64, p\<0.001), the SSIGN (HR: 4.09, 95%CI: 2.34-7.05, p\<0.001) and the COP-NLR (HR: 3.70, 95%CI: 2.10-6.46, p\<0.001). On multivariate analysis adjusting for those variables exhibited significant associations in univariate analysis, three variables including T classification (HR: 3.72, 95%CI: 1.60-8.90, p=0.002), CRP (HR: 2.52, 95%CI: 1.37-4.63, p=0.003) and the COP-NLR (HR: 1.91, 95%CI: 1.02-3.53, p=0.044) still remained as significant predictors for RFS.

###### Univariate and multivariate analysis for RFS in patients who had no metastasis at the time of nephrectomy (n=268)

  Characteristics                          RFS                                                  
  ---------------------------------------- ------------------- ------------- ------------------ -----------
  Age (≤65/\>65 years)                     1.62 (0.90-3.09)    0.111         \-                 \-
  BMI (≤22/\>22)                           1.49 (0.87-2.57)    0.149         \-                 \-
  Sex (male/female)                        1.11 (0.61-1.95)    0.717         \-                 \-
  ECOG-PS (0/≥1)                           1.66 (0.83-3.08)    0.141         \-                 \-
  T classification (I-II/III-IV)           7.22 (4.00-12.72)   \<0.001^\*^   3.72 (1.60-8.90)   0.002^\*^
  Histology type (clear/others)            0.73 (0.22-1.80)    0.536         \-                 \-
  Tumor size (cm) (≤4.0/\>4.0)             4.00 (2.23-7.64)    \<0.001^\*^   2.04 (0.99-4.26)   0.052
  Nuclear grade (1-2/3-4)                  4.25 (2.35-7.44)    \<0.001^\*^   1.79 (0.86-3.79)   0.120
  Tumor Necrosis (absent/present)          2.79 (1.42-5.11)    0.004^\*^     1.17 (0.49-2.83)   0.713
  C-reactive protein (mg/l) (≤2.0/\>2.0)   4.32 (2.50-7.55)    \<0.001^\*^   2.52 (1.37-4.63)   0.003^\*^
  UISS (Low/intermediate-high)             3.17 (1.83-5.64)    \<0.001^\*^   1.01 (0.45-2.18)   0.982
  SSIGN (0-2/≥3)                           4.09 (2.34-7.05)    \<0.001^\*^   0.72 (0.26-1.99)   0.531
  COP-NLR (0/1-2)                          3.70 (2.10-6.46)    \<0.001^\*^   1.91 (1.02-3.53)   0.044^\*^

RFS: recurrence-free survival, HR: hazard ratio, CI: confidence interval, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, UISS: UCLA integrated staging system, SSIGN: Stage Size Grade Necrosis, COP-NLR: the combination of platelet count and neutrophil lymphocyte ratio, ^\*^p\<0.05.

Predicting value of COP-NLR comparing to the other variables {#s2_4}
------------------------------------------------------------

As previous studies have shown the predictive value of individual inflammatory indicators \[[@R11], [@R17]\], we examined the impact of the NLR and platelet count on OS and RFS in the present cohort. On multivariate analysis, the NLR and platelet count were independent prognostic factors (Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}). Subsequently, we compared ROC curves in those variables to assess the clinical implications including the COP-NLR. As shown in Figure [1](#F1){ref-type="fig"} and Table [6](#T6){ref-type="table"}, the AUC values of the COP-NLR were 0.79 (3 years) and 0.74 (5 years) for the prediction on OS, which were comparable to those of the NLR (3 years: AUC=0.72, p=0.187; 5 years: AUC=0.65, p=0.041), platelet count (3 years: AUC=0.65, p=0.042; 5 years: AUC=0.59, p=0.016) and the mGPS (3 years: AUC=0.73, p=0.258; 5 years: AUC=0.69, p=0.319). These data imply the utility of COP-NLR as a significant predicting indicator compared to other variables.

###### Univariate and multivariate analysis for OS in patients who had no metastasis at the time of nephrectomy (n=268)

  Characteristics                          OS                                                   
  ---------------------------------------- ------------------- ------------- ------------------ -----------
  Age (≤65/\>65 years)                     1.43 (0.79-2.58)    0.232                            
  BMI (≤22/\>22)                           1.87 (1.06-3.35)    0.030^\*^     1.70 (0.89-3.29)   0.105
  Sex (male/female)                        0.91 (0.46-1.69)    0.773         \-                 \-
  ECOG-PS (0/≥1)                           2.69 (1.43-4.85)    0.003^\*^     1.35 (0.57-3.20)   0.489
  T classification (I-II/III-IV)           6.16 (3.40-10.94)   \<0.001^\*^   3.50 (1.45-8.56)   0.005^\*^
  Histology type (clear/others)            0.87 (2.62-2.16)    0.792                            
  Tumor size (cm) (≤4.0/\>4.0)             3.31 (1.79-6.50)    \<0.001^\*^   1.58 (0.70-3.56)   0.266
  Nuclear grade (1-2/3-4)                  3.72 (1.97-6.73)    \<0.001^\*^   0.97 (0.43-2.23)   0.958
  Tumor Necrosis (absent/present)          4.12 (2.22-7.41)    \<0.001^\*^   2.89 (1.18-7.26)   0.020^\*^
  C-reactive protein (mg/l) (≤2.0/\>2.0)   4.00 (2.26-7.10)    \<0.001^\*^   2.51 (1.22-5.09)   0.013^\*^
  UISS (Low/intermediate-high)             4.39 (2.39-8.61)    \<0.001^\*^   1.68 (0.67-4.17)   0.266
  SSIGN (0-2/≥3)                           4.28 (2.42-7.56)    \<0.001^\*^   0.39 (0.12-1.23)   0.109
  Platelet count (10^9^/l) (≤310/\>310)    4.57 (2.45-8.23)    \<0.001^\*^   2.69 (1.29-5.45)   0.009^\*^
  NLR (≤3.85/\>3.85)                       3.82 (1.93-7.11)    \<0.001^\*^   2.65 (1.23-5.46)   0.014^\*^

OS: overall survival, HR: hazard ratio, CI: confidence interval, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, UISS: UCLA integrated staging system, SSIGN: Stage Size Grade Necrosis, NLR: neutrophil lymphocyte ratio, ^\*^p\<0.05.

###### Univariate and multivariate analysis for RFS in patients who had no metastasis at the time of nephrectomy (n=268)

  Characteristics                          RFS                                                  
  ---------------------------------------- ------------------- ------------- ------------------ -------------
  Age (≤65/\>65 years)                     1.62 (0.90-3.09)    0.111         \-                 \-
  BMI (≤22/\>22)                           1.49 (0.87-2.57)    0.149         \-                 \-
  Sex (male/female)                        1.11 (0.61-1.95)    0.717         \-                 \-
  ECOG-PS (0/≥1)                           1.66 (0.83-3.08)    0.141         \-                 \-
  T classification (I-II/III-IV)           7.22 (4.00-12.72)   \<0.001^\*^   3.64 (1.66-8.20)   0.001^\*^
  Histology type (clear/others)            0.73 (0.22-1.80)    0.536         \-                 \-
  Tumor size (cm) (≤4.0/\>4.0)             4.00 (2.23-7.64)    \<0.001^\*^   2.22 (1.14-4.45)   0.019^\*^
  Nuclear grade (1-2/3-4)                  4.25 (2.35-7.44)    \<0.001^\*^   1.75 (0.87-3.60)   0.120
  Tumor Necrosis (absent/present)          2.79 (1.42-5.11)    0.004^\*^     1.36 (0.60-3.15)   0.460
  C-reactive protein (mg/l) (≤2.0/\>2.0)   4.32 (2.50-7.55)    \<0.001^\*^   2.19 (1.20-3.98)   0.011^\*^
  UISS (Low/intermediate-high)             3.17 (1.83-5.64)    \<0.001^\*^   1.15 (0.54-2.36)   0.703
  SSIGN (0-2/≥3)                           4.09 (2.34-7.05)    \<0.001^\*^   0.58 (0.22-1.49)   0.263
  Platelet count (10^9^/l) (≤310/\>310)    3.76 (2.07-6.55)    \<0.001^\*^   2.08 (1.08-3.84)   0.029^\*^
  NLR (≤3.85/\>3.85)                       4.49 (2.46-7.87)    \<0.001^\*^   3.67 (1.91-6.77)   \<0.001^\*^

RFS: recurrence-free survival, HR: hazard ratio, CI: confidence interval, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, UISS: UCLA integrated staging system, SSIGN: Stage Size Grade Necrosis, NLR: neutrophil lymphocyte ratio, ^\*^p\<0.05.

###### Comparison of the discriminatory ability for the prediction on OS in COP-NLR, NLR, platelet count and mGPS

  Period           AUC    95%CI       p value
  ---------------- ------ ----------- -----------
  **3 years**                         
  COP-NLR          0.79   0.67-0.88   
  NLR              0.72   0.60-0.82   0.187
  Platelet count   0.65   0.48-0.79   0.042^\*^
  mGPS             0.73   0.60-0.83   0.258
  **5 years**                         
  COP-NLR          0.74   0.63-0.82   
  NLR              0.65   0.53-0.75   0.041^\*^
  Platelet count   0.59   0.42-0.72   0.016^\*^
  mGPS             0.69   0.59-0.78   0.319

AUC: area under the curve, CI: Confidence interval, OS: overall survival, COP-NLR: the combination of platelet count and neutrophil lymphocyte ratio, NLR: neutrophil count to lymphocyte count ratio, mGPS: modified Glasgow Prognostic Score, ^\*^p\<0.05.

Association between major treatment options {#s2_5}
-------------------------------------------

Since molecular targeted drugs are considered as a significant factor, which impacts the treatment outcomes in RCC, we assessed the distribution of the patients who were treated with molecular targeted drugs according to the COP-NLR. There were 28 patients (17 patients in COP-NLR 0, 10 patients in COP-NLR 1 and 1 patient in COP-NLR 2, respectively), who had molecular targeted therapy after recurrence, while one patient had the drug as neoadjuvant therapy as well. There was no patient who had the drug as adjuvant therapy. In the total cohort, 59 patients relapsed postoperatively, 36 patients (61%) of whom deceased during follow up. Clinicopathological characteristics in 59 patients who relapsed after surgery are shown in Table [7](#T7){ref-type="table"}. There were 31, 22, and 6 patients assigned to the COP-NLR of 0, 1, and 2, respectively, and no significant difference between the COP-NLR and molecular target therapies was seen (p=0.199). Since all of cases with molecular targeted therapies were administrated after patients relapsed following to nephrectomy, we therefore assessed whether treatment outcome of the therapy differs between the COP-NLR from the time point of recurrence. As expected, the patients with the therapies (28 patients) had significantly favorable OS compared to those without therapy (31 patients) (HR: 2.10, 95%CI: 1.05--4.37, p=0.033) from the time point of recurrence (Figure [3a](#F3){ref-type="fig"}). We then stratified those 59 patients into COP-NLR 0 (31 patients) and COP-NLR 1, 2 (28 patients) to assess whether the COP-NLR could predict the treatment outcome of those agents at the time point of recurrence. Kaplan-Meier estimates demonstrated that both of the groups showed the trend of better outcome in patients with molecular targeted therapies despite of not achieving statistical significance (Figure [3b, 3c](#F3){ref-type="fig"}). In the patients with COP-NLR 0, the median OS from the recurrence were 64 and 43 months in patients with and without molecular targeted therapies, respectively (HR: 1.81, 95%CI: 0.65--5.46, p=0.259). In the patients with higher (1 and 2) COP-NLR, the median OS from the recurrence were 36 and 14 months in patients with and without molecular targeted therapies, respectively (HR: 1.77, 95%CI: 0.71--5.02, p=0.230). Although the small cohort size after the stratification, there seemed to be no correlation between the effect of molecular targeted drugs and COP-NLR.

###### Baseline characteristics of patients who relapsed after surgery according to the COP-NLR (n=59)

  Characteristics                                                  Patients(n=59)   COP-NLR    p value                 
  ---------------------------------------------------------------- ---------------- ---------- ----------- ----------- -------------
  Age (mean±SD)                                                    64.0±11.3        66.3±9.2   64.4±9.9    63.8±7.4    0.707
  Sex (male/female)                                                42/17            22/9       16/6        4/2         0.959
  BMI (≤22/\>22)                                                   27/32            16/15      7/15        4/2         0.196
  ECOG-PS (0/≥1)                                                   45/14            26/5       15/7        4/2         0.349
  T classification (I-II/III-IV)                                   38/21            21/10      13/9        4/2         0.806
  Histology type (clear/papillary/chromophobe/others)              55/1/2/1         28/1/2/0   21/0/0/1    6/0/0/0     0.434
  Tumor size (cm) (mean±SD)                                        4.1±2.4          5.2±2.3    6.0±2.6     6.9±2.2     0.238
  Nuclear grade (1-2/3-4)                                          40/19            24/7       12/10       4/2         0.215
  Tumor Necrosis (absent/present)                                  44/15            26/5       14/8        4/2         0.220
  C-reactive protein (mg/l) (mean±SD)                              7.5±25.9         3.8±7.2    34.4±52.3   85.7±99.5   \<0.001^\*^
  UISS (Low/intermediate-high)                                     22/37            12/19      7/15        3/3         0.700
  SSIGN (0-2/≥3)                                                   35/24            20/11      12/10       3/3         0.680
  Treatment after recurrence (molecular targeted therapy/others)   28/31            17/14      10/12       1/5         0.199

COP-NLR: the combination of platelet count and neutrophil lymphocyte ratio, SD: standard deviation, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, UISS: UCLA integrated staging system, SSIGN: Stage Size Grade Necrosis, ^\*^p\<0.05.

![Kaplan-Meier curves of survival from the time of recurrence according to the treatment after recurrence (molecular targeted or others) in patient who relapse after surgery with **(a)** all of the COP-NLR, **(b)** the COP-NLR 0, and **(c)** the higher COP-NLR.](oncotarget-08-110311-g003){#F3}

Next, we assessed the association of prognosis between operative procedures, namely partial or radical nephrectomy (PN or RN) to examine the hypothesis that patients with RCC harboring high grade or small pT3 who underwent PN might be allocated to the higher COP-NLR and had poorer prognosis. In the total cohort, 40 patients underwent PN. Clinicopathological characteristics of those patients according to the COP-NLR are shown in Table [8](#T8){ref-type="table"}. Of them, there was actually no patient with T3 or high grade. However, of those 40 patients who underwent PN, higher COP-NLR had significantly poorer prognosis than the COP-NLR 0. These data indicated the poorer prognosis in higher COP-NLR for the patients who had PN and drove us to the next hypothesis that those patients might have benefited from canonical radical nephrectomy. Accordingly, we assessed the correlation between operative procedure and clinical outcome in patients with the higher COP-NLR (1 and 2). Clinicopathological characteristics of those patients according to operative procedure are shown in Table [9](#T9){ref-type="table"}. There were 65 patients who underwent radical nephrectomy (RN), while only 5 patients underwent PN in patients with higher COP-NLR. The distribution of characteristics significantly varied only in tumor size. Kaplan-Meier estimates demonstrated that there was no significant difference on OS and RFS between PN and RN for those patient with higher COP-NLR (data not shown).

###### Baseline clinicopathological findings in 40 patients who underwent partial nephrectomy according to the COP-NLR

  Characteristics                                       Patients(n=40)   COP-NLR                 
  ----------------------------------------------------- ---------------- ----------- ----------- -----------
  Age (mean±SD)                                         62.9±14.4        63.2±14.5   61.0±15.1   0.757
  Sex (male/female)                                     28/12            25/10       3/2         0.610
  BMI (≤22/\>22)                                        23/17            20/15       3/2         0.904
  ECOG-PS (0/≥1)                                        37/3             33/2        4/1         0.324
  T classification (I/II/III/IV)                        40/0/0/0         35/0/0/0    5/0/0/0     1.000
  Histology type (clear/papillary/chromophobe/others)   34/4/2/0         29/4/2/0    5/0/0/0     0.418
  Tumor size (cm) (mean±SD)                             2.1±0.9          2.2±0.2     1.8±0.4     0.464
  Nuclear grade (1-2/3-4)                               37/3             32/3        5/0         0.361
  Tumor Necrosis (absent/present)                       38/2             33/2        5/0         0.459
  C-reactive protein (mg/l) (mean±SD)                   1.8±3.4          1.4±2.4     4.6±7.3     0.042^\*^
  5 year overall survival rate (%)                      93.1             95.4        80          \-

COP-NLR: the combination of platelet count and neutrophil lymphocyte ratio, SD: standard deviation, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, ^\*^p\<0.05.

###### Baseline clinicopathological findings of patients with the higher COP-NLR (1, 2) according to operative procedure

  Characteristics                                       Patients(n=70)   operative procedure               
  ----------------------------------------------------- ---------------- --------------------- ----------- -------------
  Age (mean±SD)                                         64.6±10.9        64.2±10.6             61.0±15.1   0.450
  Sex (male/female)                                     45/25            42/23                 3/2         0.837
  BMI (≤22/\>22)                                        31/39            28/37                 3/2         0.464
  ECOG-PS (0/≥1)                                        56/14            52/13                 4/1         1.000
  T classification (I/II/III/IV)                        48/7/13/2        43/7/13/2             5/0/0/0     0.267
  Histology type (clear/papillary/chromophobe/others)   64/3/1/2         59/3/1/2              5/0/0/0     0.818
  Tumor size (cm) (mean±SD)                             4.1±2.4          4.5±2.4               1.8±0.4     \<0.001^\*^
  Nuclear grade (1-2/3-4)                               53/17            48/17                 5/0         0.088
  Tumor Necrosis (absent/present)                       56/14            51/14                 5/0         0.127
  C-reactive protein (mg/l) (mean±SD)                   22.1±47.0        23.5±48.5             4.6±7.3     0.391
  5 year overall survival rate (%)                      66.6             66.1                  80.0        \-

COP-NLR: the combination of platelet count and neutrophil lymphocyte ratio, SD: standard deviation, BMI: body mass index, ECOG-PS: eastern cooperative oncology group-performance status, ^\*^p\<0.05.

DISCUSSION {#s3}
==========

In the present study, we assessed the prognostic value of preoperative assessment using COP-NLR in patients with localized RCC, who underwent partial or radical nephrectomy, and showed that the increasing COP-NLR was significantly associated with shorter OS and RFS. The results demonstrated that COP-NLR is an independent prognostic factor for patients with RCC after nephrectomy. By now, several studies have shown a relationship between the COP-NLR and prognosis in patients with various types of cancers \[[@R12]--[@R16]\] suggesting its prognostic value, and the current study is, to our knowledge, the first study to assess the prognostic value of preoperative COP-NLR in patients with RCC.

For the last decades, an association between preoperative systemic inflammatory response and a poorer postoperative survival has been reported. Accumulated evidence has demonstrated that the systemic inflammatory biomarkers including NLR, dNLR, PLR, CRP, GPS and mGPS represent independent prognostic factors for various types of cancer including RCC \[[@R6], [@R7], [@R11], [@R18], [@R19]\]. In addition, the present study indicated that elevated COP-NLR was significantly associated with poor prognosis in RCC patients, who underwent curative nephrectomy. Recent studies have demonstrated that systemic inflammatory response was associated with reactive thrombocytosis in several types of cancer including RCC \[[@R20]--[@R22]\]. Thrombocytosis generally occurs in 10--57% of patients with cancer \[[@R23], [@R24]\]. Reactive thrombocytosis is induced in a background of hypercytokinemia, and Interleukin-6 (IL-6) has an important role in reactive thrombocytosis \[[@R25]\], stimulating elevated CRP level in the liver \[[@R26]\]. IL-6 has been reported to induce not only neutrophil proliferation but also the differentiation of megakaryocytes to platelets \[[@R27], [@R28]\], leading to the aberrant systemic inflammatory response. In addition, thrombocytosis is also induced by the tumor itself \[[@R29]\]. Several studies have revealed that vascular endothelial growth factor (VEGF) stimulates megakaryocyte differentiation \[[@R30]\]. Given the role of VEGF in tumor growth, quantitative evaluation of thrombocytosis might indirectly reflect tumor progression serving as a surrogate marker of tumor burden \[[@R31]\]. As shown in Table [6](#T6){ref-type="table"}, we compared AUC for predicting OS in those systemic inflammatory biomarkers including mGPS, NLR, platelet count, and COP-NLR. Although there was no significant difference between those variables, COP-NLR exhibited the highest value of AUC implying this combination use of NLR and platelet count as a reliable surrogate marker predicting OS for RCC.

In the present study, we applied two widely validated prognostic scoring models including UISS and SSIGN to compare the predictive value of COP-NLR on multivariate analysis. The UISS score was proposed in UCLA, and the score is assigned by tumor stage, Fuhrman grade and ECOG-PS \[[@R32]\]. The SSIGN score was proposed in Mayo clinic, and the score is assigned based on T stage, nodal disease, tumor size, nuclear grade, presence or absence of tumor necrosis, and the presence or absence of metastases \[[@R33]\]. Those scoring models both include perioperative and pathological findings such as Fuhrman grade, presence of necrosis, and ECOG-PS. The COP-NLR, on the other hand, consists of platelet count and calculation of NLR, which is routinely collected in preoperative blood draw. Therefore, the COP-NLR might render an objective premise prior to the treatment in patients with operable RCC, which potentially allows physicians to consider targeted neoadjuvant and adjuvant therapy in patients with higher COP-NLR.

In the present cohort, the proportion of COP-NLR 2 was small (3%), whereas those patients ultimately had worse prognosis (5 year OS rate of 0%). Kaplan-Meier estimates illustrated significant differences among COP-NLR on OS (2 yrs survival rate of 98.5 in COP-NLR 0, 82.0% in COP-NLR 1 and 57.1% in COP-NLR 2), and RFS (2 yrs RFS rate of 94.9% in COP-NLR 0, 81.6% in COP-NLR 1 and 47.6% in COP-NLR 2). Multivariate analysis revealed that COP-NLR of ≥ 1 was an independent predictor for the lethality and recurrent progression beyond the other major factors including UISS, SSIGN, and ECOG-PS. These data suggest that patients with the COP-NLR of ≥ 1 might be considered multimodal therapeutic approach in addition to conventional curative nephrectomy. The COP-NLR has the advantage of identifying these patients preoperatively, and potentially offer the chance of novel neoadjuvant therapies without decline of renal function by nephrectomy. Given that neoadjuvant therapy using approved molecular targeted agents are still controversial \[[@R34]--[@R37]\], preoperative assessment using the COP-NLR might offer the valid information for identifying the patients who are more likely to benefit from those therapies prior to nephrectomy.

The limitations of our study include its retrospective, single-institution design and the small sample size, which precluded to determine whether COP-NLR offers the prediction of treatment outcome for molecular targeted drugs for the patients after relapse and better decision making for operation (i.e. PN and RN). In addition, other putative patient statuses, such as diabetes mellitus, hypertension, cardiovascular disease, smoking etc \[[@R38]--[@R40]\], which have been shown to be prognostic factors for RCC patients, were not examined in the current study. Larger prospective randomized controlled trials are needed to confirm our preliminary findings.

MATERIALS AND METHODS {#s4}
=====================

Patients {#s4_1}
--------

The subjects of the retrospective study was a cohort of 313 consecutive RCC patients who underwent nephrectomy at Osaka Medical College Hospital from 2002 to 2015. Patients with metastasis at the time of nephrectomy or those who had any missing clinicopathological information were excluded from the study. Accordingly, 268 patients were included in the analysis. The study was designated in accordance with the ethical standards of the World Medical Association Declaration of Helsinki \[[@R41]\]. Written informed consent was obtained from all participants for the study registry.

Clinico-pathological characteristics {#s4_2}
------------------------------------

Clinical stage examined by computer tomography (CT), magnetic resonance imaging (MRI), ultrasound, and chest-X ray, and other patient information including performance status (Eastern Cooperative Oncology Group, ECOG-PS) were preoperatively recorded. Pathological review including Fuhrman nuclear grade \[[@R42]\] was examined in all patients as well as the 7th TNM classification of the UICC and AJCC guidelines of renal tumors. Routine laboratory measurements including platelet count, neutrophil count, lymphocyte count, and C-reactive protein level were determined preoperatively (one to two weeks before the surgery). The University of California, Los Angeles (UCLA) Integrated Staging System (UISS) score was assigned as previously described \[[@R32]\], stratifying patients into low, intermediate or high risk groups according to the combination of tumor stage, Fuhrman grade, and ECOG-PS. The Stage Size Grade Necrosis (SSIGN) score was derived as previously described \[[@R33]\]. In short, patients were awarded scores based on T stage, nodal disease, tumor size, nuclear grade, presence or absence of tumor necrosis, and the presence or absence of metastases, followed by classification into five stages (0--2/3,4/5,6/7--9/\>10) according to the score.

Follow-up {#s4_3}
---------

Follow-up schedules were applied referring to the NCCN Clinical Practice Guidelines. Follow up CT and Chest X-ray were examined to detect any findings suspected to disease progression every three months in the first year. Thereafter, patients were followed up every six months. Follow-up was calculated from the day of surgery to the day of death or the last visit.

Statistical analysis {#s4_4}
--------------------

Overall survival (OS) was calculated from the date of surgery to the date of death or last follow-up. Cancer-specific survival (CSS) was calculated from the date of surgery to the date of cancer death or last follow-up. Recurrence-free survival (RFS) was calculated from the date of surgery to the date of disease recurrence or metastasis or the last follow-up. The optimal cut-off points for the inflammation-based factors including platelet count, NLR, and other inflammation indicators were determined by receive operating characteristic (ROC) analysis and the areas under the curve (AUC) were calculated and compared as previously described \[[@R43]\]. Clinicopathological findings in the analysis included patient age, sex, BMI, ECOG-PS, TNM classification, histology type, tumor size, nuclear grade, tumor necrosis, preoperative serum CRP UISS, SSING, and COP-NLR. Each factor was assessed by contingency table with Chi-square analysis. A Kaplan-Meier analysis was carried out to estimate survival free ratio, and log-rank test was performed to compare the difference between assigned patient groups. On univariate and multivariate analysis, Cox proportional-hazard regression models, stratified by the factors described above, were used to estimate crude hazard ratios (HR) followed by calculating covariate-adjusted HR. All statistical tests were two sided, with P\<0.05 considered to indicate statistical significance. All analyses were done using JMP® 12 (SAS Institute Inc., Cary, NC, USA).

CONCLUSION {#s5}
==========

Increasing COP-NLR was associated with shorter patient survivals and an independent predictor for OS and RFS in localized RCC patients. As the COP-NLR can be measured preoperatively, this system should be incorporated in routine diagnosis for risk stratification and treatment decision-making of operable RCC patients.
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